We studied the effect of cholecalciferol (VD3) intake on VD3 status and markers of calcium (Ca) homeostasis in mice and rats. Serum 25 hydroxycholecalciferol (25OH-VD3) concentrations were increased in animals fed diets containing 400-20,000 international units (IU) VD3/kg (37 nmolÁL 21 Á1000 IU VD3
Introduction
Human population-based studies suggest that high-cholecalciferol (VD3) 3 status [measured by serum concentrations of the prohormone 25-hydroxycholecalciferol or (25OH-VD3)] lowers the risk for several chronic diseases. This includes diseases that are influenced by the traditional role of VD3 in controlling calcium (Ca) metabolism, like osteoporosis, as well as those that relate to nonclassical VD3 functions, e.g. cancer prevention and autoimmune diseases like diabetes and inflammatory bowel diseases (1, 2) . These observations are surprising given that the hormonally active form of VD3, 1,25-dihydroxycholecalciferol [1, 25(OH) 2 -VD3], is the metabolite that mediates transcriptional events through the vitamin D receptor (VDR) in traditional target tissues (e.g. intestine, kidney, osteoblasts) as well as the fact that 25OH-VD3 has low affinity for the VDR. Still, some of these epidemiologic studies are supported by clinical intervention trials. For example, Trivedi et al. (3) found that increasing VD3 status in elderly men and women from 55 to 75 nmol/L with 50,000 IU VD3 doses every 4 mo offered protection from fracture over a 5-y period. In addition, intestinal Ca absorption increased in VD3-replete humans within the reference range for serum 25OH-VD3 (4) and VD3 supplementation increased Ca absorption even though serum 1,25(OH) 2 -VD3 concentrations decreased (5) . Collectively, these studies have lead to a call from some scientists to raise the cut-off for assessing VD3 insufficiency from the traditional serum 25OH-VD3 concentration of 37.5 nmol/L to .80 nmol/L (6) . Unfortunately, most intervention studies relevant to this issue are limited by the length of the intervention, are confounded by seasonal changes in VD3 status, or simply have not yet been conducted (e.g. for many cancers and diabetes risk). As a result, there are still many gaps in our understanding of the long-term benefits and potential long-term risks of this proposed policy. To define the physiologic importance and the mechanism mediating the protective effect of high-VD3 status, we need to develop animal models whose serum 25OH-VD3 concentrations mimic the range of VD3 status in humans.
Although rodents have been an important experimental model to study the mechanisms of VD3 action on Ca metabolism, the VD3 requirement for mice and rats has not been formally determined. The rat and mouse NRC requirement for VD3 is 1000 IU/kg diet, but this is defined from a ''personal communication'' (7). Whereas the AIN76 (8) and AIN93 (9) diets favored by nutrition scientists use the NRC requirement, commercial nonpurified diets routinely contain 3000-5000 IU/kg diet. However, without information on the sensitivity and effect of VD3 intake on VD3 status in rodents, the ability of researchers to use these models to understand the relationship between VD3 status and physiological endpoints is limited. To fill this gap, we have conducted several studies in growing rats and mice to examine the effect of changing VD3 concentrations on serum VD3 metabolites and indices of Ca metabolism. We chose the levels of VD3 to flank the NRC requirement for rodents (1000 IU/kg VD3 diet) and to provide a wide range of intakes relevant to the question of VD3 deficiency and toxicity. Our findings reveal the range of acceptable VD3 intakes in rats and mice for researchers who wish to explore the effect of this nutrient on various health outcomes.
Materials and Methods

Experimental design
Animals were housed in individual cages in an UV B light-free environment (Clear UV Tube Guards, Pegasus Associates) on a 12-hlight/-dark cycle and consumed food and water ad libitum. Diets were prepared by Research Diets. Animals were weighed at the beginning and end of each study and were deprived of food overnight prior to killing. All of the animal experiments were approved by the Purdue University Animal Care and Use Committee. Expt. 1: the effect of high-VD3 intake on VD3 and Ca metabolism Two experiments were conducted. In Expt. 1A, 51 (27 female and 24 male) weanling Sprague Dawley rats (Harlan) were obtained and fed an AIN93G diet modified to contain 400 IU VD3/kg diet until 10 wk of age. Afterwards, rats were randomized to AIN93M diets (9) containing 1 of 5 VD3 levels for 4 wk: 400 (10 mg), 1000 (25 mg), 5000 (125 mg), 10,000 (250 mg), or 20,000 (500 mg) IU VD3/kg diet [n ¼ 4-5 (males) or 5-6 (females) per diet]. 4 In Expt. 1B, 30 female C57BL/6 mice (Jackson Labs) were fed AIN93G diets (9) containing 400, 1000, 5000, 10,000, or 20,000 IU VD3/kg diet from weaning until 10 wk of age (n ¼ 6 per diet). At the end of these experiments, the animals were killed and serum and tissues were obtained.
Expt. 2: the effect of low-VD3 intake on VD3 and Ca metabolism Two experiments were conducted. In Expt. 2A, 30 male weanling Sprague Dawley rats were fed AIN93G diets containing 50 (1.25 mg), 100 (2.5 mg), 200 (5 mg), 400 (10 mg), or 1000 (25 mg) IU VD3/kg diet from weaning until 12 wk of age (n ¼ 6).
In Expt. 2B, 36 male C57BL/6 mice were fed AIN93G diets containing 25 (0.625 mg), 50, 100, 200, 400, or 1000 IU VD3/kg diet from weaning until 14 wk of age (n ¼ 6). At the end of the experiments, the animals were killed and serum and tissues were obtained.
Expt 3: the effect of dietary Ca restriction on bone mineral density in rats fed high-VD3 diets Thirty weanling male Sprague Dawley rats were placed on 1 of 6 experimental diets in a 3 levels of VD3 (400, 1000, or 10,000 IU VD3/kg diet) by 2 levels of Ca (0.5 or 0.25%) factorial design experiment. Phosphorus level was held constant at 0.4% of the diet. At 10 wk of age, the rats were killed and serum and bone were obtained.
Expt 4: regulation of 25-hydroxycholecalciferol-1ahydroxylase mRNA levels by changes in dietary Ca in mouse kidney and duodenum Twenty-seven, male C57BL/6 mice were fed a commercial nonpurified diet (8664, Harlan Teklad) until 90 d of age and then switched to 1 of 3 AIN93G diets with low (0.02%), normal (0.5%), or high (2%) Ca levels for 7 d. Dietary phosphorus levels were 0.3, 0.3, and 1.25%, respectively. After consuming the diets for 1 wk, mice were killed, serum was obtained, and duodenal scrapings and kidney were saved for RNA analysis.
Sample analysis
Serum Ca and VD3 metabolite analysis. Serum 1,25(OH) 2 -VD3 and 25OH-VD3 were analyzed via enzyme immunoassays using commercial kits (Immunodiagnostic Systems). The inter-assay CV for each assay was 10 and 8%, respectively, whereas the intra-assay CV for each assay was 15 and 10%, respectively. The cross reactivity of the 1,25(OH) 2 -VD3 assay for 25OH-VD3 was 0.0092%. Serum total Ca was analyzed via a quantitative colorimetric assay using the QuantiChrom Ca assay kit (BioAssay Systems).
Real-time PCR. Total RNA was isolated from mucosal scrapings from the first 2 cm of proximal small intestine and minced kidney tissue using the TriReagent procedure (Molecular Research Center). The isolated RNA was reverse transcribed into cDNA as previously described (10) . Real-time PCR was conducted on samples using the BioRad My iQ RT-PCR system containing SYBR green (Byroad). Transient receptor potential vanilloid family member 6 (TRPV6), 25-hydroxycholecalciferol1ahydroxylase (CYP27B1), 25-hydroxycholecalciferol-24-hydroxylase (CYP24), VDR, and vitamin D-dependent Ca-binding protein 9 kDa form (calbindin D 9k ) mRNA levels were determined from the threshold cycle value (11) and were normalized to the expression of glyceraldehyde 3-phosphate dehydrogenase within the sample. PCR conditions and primers for calbindin D 9k , TRPV6, CYP24, and glyceraldehyde 3-phosphate dehydrogenase were previously reported by our group (12) and CYP27B1 mRNA levels were measured using primer sets and conditions previously reported by Healy et al. (13) . Mouse VDR PCR conditions were: forward primer, 5#TACATCCGCTGCCGCCACCCGC3#, reverse primer, 5#TCAGGAGATCTCATTGCC3#, annealing temperature ¼ 55°C. Rat VDR PCR conditions were: forward primer, 5#TCGTATGGACGGAAGTACAGG3#, reverse primer, 5#CAGCATGG-AGAGAGGAGACAG3#, annealing temperature ¼ 56°C.
Bone analyses. The right and left femurs from each mouse were stripped of all muscle. The left femur was examined using digital calipers for length and midshaft thickness. Afterwards, the femur was dried, ashed, and Ca content was examined by atomic absorption spectrometry as previously described (14) .
The right femur was fixed in neutral buffered formalin for 7 d followed by fixation and storage in 70% ethanol for at least 1 wk. Fixed bones were scanned using a PIXImus II small animal densitometer under the condition of 100-3 80-mm imaging area, 0.25-3 0.25-mm focal spot size, 80 kV and 400 mA (Lunar, GE-Healthcare). Measured variables included bone mineral density (BMD; g/cm 2 ) and bone mineral content [BMC; g ¼ BMD/(skeletal area, cm 2 )].
Statistical analysis
All data are reported as means 6 SEM. Expt. 1b, 2a, and 2b were analyzed by 1-way ANOVA and 2-way ANOVA was used to analyze Expt. 1b (main effects ¼ sex, dietary VD3), Expt. 3 (main effects ¼ dietary VD3, dietary Ca), and Expt. 4 (main effects ¼ tissue, dietary Ca) using the SYSTAT Statistical program (version 12, SYSTAT Software). In Expt. 1a using both male and female mice, there was no interaction between sex and dietary VD3 for any of the parameters; as a result, we used sex as a covariate and 1-way ANOVA to increase the power to detect differences. When predicted vs. residual plots indicated the data were not normally distributed, data were log-transformed prior to analysis. Differences between individual means were determined by Fisher's protected least significant difference. Response curves were analyzed by regression analysis using general linear models procedures. In all analyses, P , 0.05 was considered significant.
Results
Expt. 1: the effect of high dietary VD3 intake on rats and mice. Feeding diets with increasing amounts of dietary VD3 from 400 to 20,000 IU/kg diet caused a linear increase in serum 25OH-VD3 concentrations in both 10-wk-old rats fed the diets for 4 wk and in weanling mice fed the diets for 7 wk (Expt. 1a, Fig. 1A Fig. 1A ). Although the concentrations of serum 25OH VD3 ranged from those considered optimal in humans (92 nmol/L in the 400-IU VD3/kg group) to very high concentrations (.800 nmol/L), neither body weight (e.g. 400 IU ¼ 300 6 25 g; 20,000 IU ¼ 316 6 27 g in rats) nor serum total Ca concentrations (e.g. 400 IU ¼ 3.00 6 0.03 mmol/L; 20,000 IU ¼ 2.93 6 0.03 mmol/L in rats) were affected in either rats or mice.
Serum 1,25(OH) 2 VD3 was suppressed with increasing dietary VD3 intake in rats and mice (Fig. 1B) . Similar to a previous report by Johnson et al. (15) , the serum concentration of the hormonally active form of VD3, 1,25(OH) 2 -VD3, was 58% lower in female rats but the effect of high dietary VD3 intake on serum 1,25(OH) 2 VD3 was similar in both genders (;80% reduced from high-to low-VD3 intake). As we have reported previously (16) , high-VD3 intake also suppressed serum 1,25(OH) 2 -VD3 in mice (50% with 20,000 IU VD3/kg; Fig. 1B) . Consistent with the suppression of serum 1,25(OH) 2 -VD3, high dietary VD3 also significantly reduced renal expression of the mRNA encoding the enzyme responsible for the conversion of 25OH-VD3 to 1,25(OH) 2 -VD3, CYP27B1 mRNA (reduced by .70%) (Fig. 1C) . Despite this, the duodenal expression of the 1,25(OH) 2 -VD3-inducible genes encoding calbindin D 9k and TRPV6 (proteins thought to be responsible for intracellular diffusion of Ca and apical membrane uptake of Ca in the enterocyte, respectively) were not affected. Similarly, there was no effect of dietary VD3 on bone ash, bone Ca, or BMD (data not shown).
Expt. 2: the effect of low dietary VD3 intake on rats and mice. From Expt. 1a and 1b, we learned that the NRC requirement for VD3 (1000 IU VD3/kg diet) led to serum 25OH VD3 concentrations in rodents (120 nmol/L) that were above the proposed optimal concentrations for humans (80 nmol/L). As a result, our next experiments examined the effect of VD3 restriction. When rats and mice were fed diets with decreasing amounts of VD3 (from 1000 IU/kg to 50 IU/kg in rats or 25 IU/kg in mice), serum 25OH-VD3 concentrations fell in a curvilinear relationship with an inflection point ;200 IU VD3/kg ( Fig. 2A) (Fig. 2A) .
Below 100 IU VD3/kg intake, serum 1,25(OH) 2 -VD3 was reduced in both mice (Fig. 2B ) and rats (20% reduction 50 IU/kg vs. 100 IU/kg; P , 0.05). In contrast, low-VD3 intake increased renal CYP27B1 mRNA levels in both mice (Fig. 2C ) and rats (300% at 50 IU/kg vs. 1000 IU/kg; P , 0.05). This suggests low serum 1,25(OH) 2 -VD3 was a consequence of inadequate substrate (the prohormone 25-OH-VD3), not enzyme capacity.
CYP24 is an enzyme that adds a hydroxyl group to the 24 position of 1,25(OH) 2 -VD3; the CYP24 gene is strongly regulated at the transcriptional level by 1,25(OH) 2 -VD3 (17) . Compared with the low-VD3 diet, renal CYP24 mRNA level was .300% higher in mice (Fig. 2C ) and 91% higher in rats fed .200 IU VD3/kg. The lower expression of CYP24 mRNA in FIGURE 1 The effect of diets containing from 400 to 20,000 IU VD3/kg diet on serum VD3 metabolite concentrations and renal CYP27B1 mRNA levels in rats and mice (Expt. 1A and 1B). Serum and kidney were harvested and analyzed for serum 25OH-VD3 (A), serum 1,25(OH) 2 -VD3 (B), and renal CYP27B1 mRNA (C). Points represent the means 6 SEM, rats, n ¼ 10 (rats) or 6 (mice). Within a species, means without a common letter differ, P , 0.05. the kidney of mice fed the low-VD3 diets reflects the reduced production of serum 1,25(OH) 2 -VD3 in kidney at low-VD3 intake. Renal expression of the VDR mRNA, encoding the protein that mediates the transcriptional regulation of genes by 1,25(OH) 2 -VD3, was not influenced by dietary VD3 intake in either rats or mice (data not shown) and, in contrast to a previous report by Vieth et al. (18, 19) , renal VDR mRNA level and serum 1,25(OH) 2 -VD3 concentrations were not associated.
Neither body weight nor serum total Ca were influenced by low-VD3 intake. In the intestine, only calbindin D 9k mRNA [a putative 1,25(OH) 2 -VD3 target gene] was significantly reduced and only in mice (55% reduction at 25 and 50 IU/kg compared with 1000 IU/kg). Whereas bone parameters like femur BMD, percent ash, and percent Ca in dry femur were not reduced in rats, BMD and BMC were significantly reduced in mice fed the lowest level of VD3 (25 IU/kg) (Fig. 3) .
Expt. 3: high dietary VD3 does not protect bone from the effects of Ca restriction in rats. Increasing VD3 intake elevated serum 25OH-VD3 concentrations similar to those observed in Expt. 1a (400 IU ¼ 104 nmol/L; 1000 IU ¼ 166 nmol/L; 10,000 IU ¼ 589 nmol/L; P , 0.05 for main effect of VD3). Feeding a low-Ca diet from weaning increased serum 1,25(OH) 2 -VD3 (179% above 0.5% Ca diet group level; P , 0.05). Rats fed the 10,000-IU VD3/kg diet tended to have greater serum 1,25(OH) 2 -VD3 when dietary Ca was restricted (30% higher than the other low-Ca intake groups; P ¼ 0.55). However, neither elevated serum 25OH-VD3 nor 1,25(OH) 2 -VD3 level protected BMD from the effects of Ca restriction (Fig. 4) ; i.e. only the main effect for dietary Ca was significant and BMD was reduced by 28% (P , 0.05).
Expt. 4: changing dietary Ca intake modulates serum 1,25(OH) 2 -VD3 and CYP27B1 mRNA levels in kidney but not duodenum. We have previously reported that serum FIGURE 2 The effect of diets containing from 25 to 1000 IU VD3/kg diet on serum VD3 metabolite concentrations and renal mRNA levels (Expt. 2A and 2B). Serum and kidney were harvested and analyzed for serum 25OH-VD3 in mice (white circle) and rats (black circle) (A), serum 1,25(OH) 2 -VD3 in mice (B), and renal CYP27B1 and CYP24 mRNA in mice (C). Points represent the means 6 SEM, n ¼ 6. Within a species (A) or parameter (C), means without a common letter differ, P , 0.05.
FIGURE 3
The effect of diets containing from 25 to 1000 IU VD3/kg diet on BMD and BMC in mice (Expt. 2B). Isolated femora were analyzed by dual X-ray absorptiometry. Points represent the means 6 SEM, n ¼ 6. Means without a common letter differ, P , 0.05.
FIGURE 4
A high-VD3 diet containing 10,000 IU VD3/kg diet does not prevent low BMD caused by 50% dietary Ca restriction in rats (Expt. 3). Femora were isolated and BMD was assessed by dual X-ray absorptiometry. Bars represent the means 1 SEM, n ¼ 6. *Different from 0.5% Ca, P , 0.05.
Cholecalciferol status in rats and mice 1117 1,25(OH) 2 (12) . Consistent with the elevation in serum 1,25(OH) 2 -VD3 concentrations, we found that renal CYP27B1 mRNA levels increased with dietary Ca restriction (Fig. 5) . In contrast, duodenal CYP27B1 mRNA levels were lower than those in kidney (2% of levels on a 0.5% Ca AIN93G diet; P , 0.05) and they were not significantly altered by changes in dietary Ca (Fig. 5) .
Discussion
Many groups have evaluated the effect of VD3 deficiency on physiologic and disease states in rodents. For example, in addition to its traditional action controlling Ca and bone metabolism (20) (21) (22) , VD3 deficiency in early life has been shown to accelerate type I diabetes in the nonobese diabetic mouse (23) and other groups have demonstrated that VD3 deficiency has a negative effect on tumor growth or burden in cancer models (24) (25) (26) . Although these studies suggest an important role for VD3 in health, the use of such extremes is not relevant to the range of VD3 status currently being discussed as important for the protection of human health (2, 6) . In contrast, our data clearly show how dietary VD3 can be used to model human VD3 status in experimental mice and rats.
The serum 25OH-VD3 concentrations resulting from feeding a 1000-IU VD3/kg diet (the NRC requirement) to rats and mice is greater than the concentrations proposed to be optimal in humans (.130 nmol/L vs. 80 nmol/L) (6) . By carefully examining the relationship between dietary VD3 and serum 25OH-VD3, we have determined that the dietary VD3 concentrations needed for modeling borderline deficiency (25-40 nmol/L) and average (50-60 nmol/L) and optimal (80-100 nmol/L) serum 25OH-VD3 concentrations are 25-50, 100, and 400 IU VD3/kg diet in growing rodents. Our data reveal a curvilinear response of serum 25OH-VD3 to increasing dietary VD3 concentrations (with an inflection point at 80-100 nmol 25OH-VD3/L with a 200-IU VD3/kg diet) that is similar to the relationships reported between serum 25OH-VD3 and serum VD3 in humans (27) , and supplemental dietary VD3 in humans (28) and mature rats (29) .
Our data show that only very low VD3 intake (,100 IU/kg diet resulting in serum 25OH-VD3 concentrations of ,50 nmol/L) has negative effects on intestinal and renal gene expression and on BMD in growing rodents. Several other groups have examined the effect of reduced, but not deficient, VD3 intake on cancer-related endpoints in rodents (30) (31) (32) . For example, mouse studies by Xue et al. (33, 34) have used a Western diet with one-half as much dietary VD3 as the NRC requirement (500 vs. 1000 IU/kg diet) coupled with severe Ca depletion (0.05 vs. 0.5% of diet) to increase epithelial cell proliferation in mouse prostate, breast, and pancreas and to induce colonic neoplasms (35) . However, these studies have not assessed serum 25OH-VD3 nor evaluated bone outcomes. In contrast, a recent 12-wk study in mature (10 wk old) rats showed that reducing VD3 intake below 200 ng VD3/d (;300 IU VD3/kg diet) increased serum parathyroid hormone and renal CYP27B1 mRNA levels even while serum 1,25(OH) 2 -VD3 levels were reduced, because 25OH-VD3 is limiting. Our data confirm these findings.
Others have argued that VD3 is less toxic than the current upper limit of 2000 IU/d for humans would suggest (36) and our data support that position. Neither serum Ca nor growth were negatively affected even at dietary VD3 intake levels that raised serum 25OH-VD3 to .800 nmol/L. This is consistent with previous reports where short-term (18, 19) and long-term (37, 38) exposure to very high doses of VD3 greatly increased serum 25OH-VD3 without hypercalcemia in rats.
As in our study, several reports show that high-VD3 intake suppresses the serum concentration of 1,25(OH) 2 -VD3 in rats (18, 19) and humans (5,39) but without a negative effect on intestinal gene expression (e.g. TRPV6 and calbindin D 9k mRNA levels were not altered from 200 to 20,000 IU VD3/kg diet). Previously, we showed that 10,000 IU VD3/kg diet can dramatically increase serum 25OH-VD3 concentrations, rescue the phenotype of CYP27B1 knockout mice, and modulate renal and duodenal gene expression (e.g. increase calbindin D 9k mRNA) (16) . This suggests that supraphysiological levels of 25OH-VD3 can interact with the VDR and activate the genes whose protein products control Ca metabolism in the kidney, intestine, and bone. Collectively, our data demonstrate that signaling through the traditional VD3-endocrine system and the effects resulting from high serum 25OH-VD3 are balanced, thus limiting potential toxic effects.
The benefit of improved VD3 status has been hypothesized to result from increased local production of 1,25(OH) 2 -VD3 from extra-renal CYP27B1 expression in both classical (e.g. intestine and bone) and nonclassical VD3 target tissues (e.g. epithelial cells of the prostate, breast, and colon) (40) . Extrarenal CYP27B1 has been identified by immunohistochemistry in a wide variety of tissues, including colonic epithelial cells (41) . A role for local production of 1,25(OH) 2 -VD3 in the intestine has been suggested by Heaney et al. (4) who showed that intestinal Ca absorption efficiency improved as serum 25OH-VD3 increased within the normal range even though serum 1,25(OH) 2 -VD3 was not elevated. Our data demonstrate that CYP27B1 mRNA is expressed in the duodenum, the site of maximal VD3-regulated intestinal Ca absorption (42) . We found that CYP27B1 mRNA is expressed at very low levels relative to the kidney and that it is not altered by dietary Ca restriction, a classical regulator of the renal CYP27B1. This is similar to the lack of regulation of CYP27B1 mRNA by parathyroid hormone in prostate epithelial cells (43) . However, although CYP27B1 mRNA was detected in duodenum, higher serum 25OH-VD3 did not exert beneficial effects on duodenal gene expression nor were BMD or bone Ca content improved in growing rodents FIGURE 5 Dietary Ca restriction increases renal but not duodenal CYP27B1 mRNA levels (Expt. 4). Serum and kidney were harvested and analyzed for serum 1,25(OH) 2 -VD3 concentrations (A) and renal and duodenal CYP27B1 mRNA levels (B). Bars represent the means 1 SEM, n ¼ 9. Means without a common letter differ, P , 0.05.
when serum 25OH-VD3 was .45 nmol/L. In addition, high-VD3 status did not protect the bone of growing rats fed moderately Ca-restricted diets (50% reduction from optimal). While these data do not support the position that improved VD3 status is beneficial to bone and Ca metabolism, our interpretation is limited only to the period of rapid skeletal growth where the role of vitamin D is augmented by the growth hormoneinsulin-like growth factor 1 system (44) and therefore may be less sensitive to the benefits of improved VD3 status. Additional preclinical studies are needed to determine whether mature animals can respond favorably to improved VD3 status and thus provide support for the relationships observed in humans, i.e. whether adult bone and Ca metabolism can be improved in rats and mice as serum 25OH-VD3 is increased from 50 to 100 nmol/L.
In conclusion, our studies are a comprehensive examination of the relationship between dietary VD3 intake and serum 25OH-VD3 in experimental rodents. Others have examined parts of this issue and our work confirms, unifies, and extends these earlier findings. Overall, our data show that the growing rat and mouse are resistant to changes in dietary VD3 across a large range of intakes. Similar to humans, bone and Ca metabolism in these animals is sensitive to lowering serum 25OH-VD3 below 45 nmol/L. While our data do not support a benefit to improving vitamin D status and increasing serum 25OH-VD3 concentrations from 50 to .80 nmol/L, our studies are limited to periods of rapid growth. Still, our data can now serve as a foundation to use rats and mice as preclinical models to evaluate the effects of improving VD3 status on the development of various disease states that are now being linked to high serum 25OH-VD3 in human populations.
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